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INTRODUCTION

The essence of the problem addressed in this report is
to evaluate the potential antimalarial activity of drugs in
the pre-clinical model of Agtus lemurinus lemurinus
{Panamanian night monkey) experimentally infected with
Plasmodium falciparum. Such studies with this model were
initiated in 1976 at Gorgas Memorial Laboratory, Panama and
supported, in part, by the U.5. Army Medical Research and
Development Command., Due to the drug resistance exhibited
by the highly pathogenic P. falciparum parasites in Asia,
Africa; and Latin America, it is essential that new drugs be
evaluated im the preclinical Aotus model for their potential
usefulness against human infections.

Initially, antimslarial drug studies used the Colombian
Agtus as the sxperimentsl host (1,2), In the mid L970's
embargoes imposed by South American countries on the
exportation of monkeys seriously restricted the use of Aotus
for biomedical research in the United States. Panamsnian
Aotus were available at Gorgas Memorial Laboratory, Panama,
and the project transferred here in 1974. Diverse avenues
of research have been pursued in attempts to identify
effective new antimalarial drugs. Three strains of P.
falciparum, Vietmam Smith, Uganda Paloc Alto, ard Vietnam Qak
Knoll, had been adapted to Fanamanian Aptus. These strains
exhibit diverse susceptibility and/or resistance tu standard
antimalarial agents. The course of untreated infections in
Panamanian Actys has been characterized and compared with
that in Agtus of Colombia (3). Oversll, the virulence of
these strains was less in Panamanian tham in Colombian owl
monkeys, as indicated by lower mortality rates of Pamamarian
monkeys during the first 30 days of patemcy. Maximum
parasitemias of the Vietmnam Smith and Uganda Palo Alto
strains were, however, significantly higher during the first
1% days of patency im Panamanian than in Colombia owl
monkeys. These guantitative differences in infection
parameters between Fanamanian and Colombian owl monkeys have
not invalidated the use of the tormer for the evaluation of
new antimalarial drugs.

Numerous candidate antimalarial drugs of diverse
chemical classes have been evaluated against trophozoite-
induced infections of one or more P. falciparum strains
during the course of these cuntracts. In seeking
alternatives to primaguine, two 8-awminoguinolirnes proved to
be active aganist the blood stages of P, falciparum (4.5).
Desferrioramine, an iron-specific chelating asgent, wss shown
to suppress parasitemiass of the virulent Ugands Palo Alto
strain of B. falciparum (&), The in vitro sctivity of two
halogenated histidine anslougs was not confirmed by

evalustion against P, falciparum infections in owl monkeys
(7).

Chlorogquine-resistance of F. falciparum represents the




the greatest challenge in developing effective antimalarial
drugs. Reversal of chloreoguine-resistance in P. falciparum,
in vitro, was achieved by the co-administrstion of verapamil
{a calcium channel blocker) plus chlorogquine (B), OLiher in
vitro studies have shown that there iz a significantly
greater efflux of chloroguine from erythrocytes contsining
falciparum parasites resistant to chiloroquine thsan from red
cells parasitized by chloroquine-sensitive falciparum
malaria {(?). Calcium chanmel blockers asppear to prevent
this active efflun of chlorogquirne, thus allowing the drug to
accumulate to parssiticidal levels,

Based upon the success of in vitro reversal of
chlorocquine~resistance, trials were Initisted to determine
if resistance could be reversed in Agtus infected with the
chlorogquine-resistant Vietnam Smith strain of P. falciparum.
8Six calcium chanmel blockers, or similarly acting drugs,
were co-administered with chloroquine in di erse rggimens.
The desideratum of chloroquirne-resistance reversal wss
adminigtration of a single course of trestment, with
parasite clesrance and infection cure. Suppression ot
parasitemia was obtained during an initial course of
treatment, but parasite clesrsnce and cure occurred 1n some
instances only after re-trestment, Such infection
parameters were similarly to those in monkeys with self-

limited infections and cure could be attributed to acgulired
immunicy.

Limited trials with desipramine, Norpramin, a tricvyclic
psychotropic drug, demonstrated the feasibility of reversing
chloroquine~resistance in vivo (10). Parasite clearance was
obtained, but the infection was not cured.

Subsequently, in vivo reversal of chloroguine
resistance wae obtaimed with combinations of chloroguine
plus chlorpromazine or prochlorperazine. Sugh reversal was
exhibited by rapid suppression and clezarance of parasitemisa,
resulting in infection cure without retreatment (11).

Evaluation of twg oil-soluble derivatives of
artemiseinin, artemether and arteether, demonstrates that
both possesse zimilar activity to cure infectioms of & multi-
drug resistant P. falciparum strain in RAotus.

Both the purpose and methods of spproach ot the present
work remains essentislly unchanged since 1774, viz to
ascertsin the asmtimaglsrial sctivity of drugs against 2.
falciparum infections in Agtus. The method of spprosch may

vary on an ad hoc basis, such as administering 3 combination
of drugs.

ok




BODY

I. Experimental Methods

The general intent of this praoject is to evaluate the
potential antimalarial activity of drugs, or cambination
thereot, in the preclinical model of Aotus experimentally
infected with P. falcipatrum (or P. vivax). Gpecifically,
the vertebrate host is Acgtus lemurinus lsmurinus, the
Pamnamanisan night monkey, These animsls are either feral,
laboratory adapted or lsborastory born, No naturslly
acquired, humasn plasmodium infection has been repurted in
Aptys., The Vietnam Smith/FE strain of B. falciparum was
adapted to Aogtug of Colombian origin in L7711 (1) and in
Panamanian Actus in 197&6. (3) The course of untreated
infections, essential for compariszon with treated
infections, bhas been daocumented in Panamanian Aptus (3).
This plasmodium strain is resistant to maximally tqlerated
doses of chloroquine, pyrimethamine, and guinine (2).

Cryopreserved samples of two B. vivar strain were
received from LTC G, Dennis Shanks, Army Malaria Resesrch
Unit, Ingleburr, Australia. The MNew Guirea AMRU-1 strain is
resistant to chlargquine, while the AMRU-Z strain is
chloroguine sensitive. Thess strains were to be adapted to
Pamamanian fotus, their response to chloroquine evaluated,
and then tested against WR 238605, Details of the
adaptation procedures and drug response will be presented in
the appropriate section of this report.

To initiate an experiment, infected bleood (with 2.9%

sodium citrate as the anticoagulant) from amn untreated Aotus

was diluted appropriatzaly in chilled ssline (0.85%), such
that each milliliter contained 5,000,000 parasites. This
amount was inoculated into the saphenous vein of
experimental and control monkeys,

Blood films, prepared and examined daily beginming on
the first post-inoculstion day, were stained with Giemsa.
Parasitemias were evaluated as follows: negative, 1f rmo
parasites were detected on a thick blood film after
examination fur st lesast S minutes; “10 parasites per cmm,
if positive only on the thick blood film; parasite
enumeration was by the Earle-~Perez method and reported as
the number of psrasites per cmm. (1Z)

Blood films from untreasted Antus, serving as passage
and/or control subjects, were prepatred snd examined deily
during the primary patent period, amnd dsily thereafter for
at least three consecutive davs after parasites could last
be detected on thick blood films. When parasitemis had
cleared, films were made and examined twice weekly urtil a
total of 100 negative days had been recorded. [f o

recrudescence aouccurred, blood films were obhtsined again o a




daily bhasis.

Farasitemias were evaluated daily during the treatment
period and until blood films were negative for at least
seven consecutive days. The frequency of smearing was then
reduced to two times per week {(Monday and Thursdays or
Tuesdays and Fridays). If no recrudescences occurred during

a 100 day examination period, the infection was considered
to have been cured,

Drug doses were calculated as mg base per kg of body
weight. Stock solutions of water soluble compounds, at
appropriate concentrations, were prepared with distilled
water ‘and stored at 8 C for the treatment period. If a
compound was water insoluble, a suspensior of the requisite

amount of drug was prepared daily with 0.3% methylcellulose
(in distilled water).

Oral administration of drugs was by gastric dntubation
with a 14 French catheter. The total volume of fluid

administered, drug scolution or suspension, and rinse was 14§
ml.

As will be indicated, some drugs were administered
intra~uscularly,

I1. Results
A. WR 279377AC (BM 146640Q), azithromycin
WR 100%53AA (ZM 33452), doxycycline
Among the antibacterial antibiotics, both
tetracycline and doxycycline are effective against drug

resistant P. falciparum infections. Althogh erythromycin is
inactive against chloroguine-resistant falciparum

infections, an analogue, azithromycin, is effective in vitro

against P. falciparumand &gainst P. berghei in the mouse
model. The study reported here compares the activities of
WR 279377, azithromycin and WR 100553, dowycycline against
infectiong af the multi drug resistant Vietnam Smith/RE
strain of B. falciparum.

Detailed antimalarial activity is presented in Table 1
and summarized in Tables 2 and 3. A 3C.0 mg/kg dose of
azithromycin administered for 7 days cleared parasitemia
{with recrudescence) in one Agtus while parasitemia was only
suppressed in anocther animal. The same primary regimen of
dorycycline cleared parasitemia inm each of two monkeys, but
did not cure infection, although this tregimen against
azithromycin treatment failures did -<ure infections.

Primary trestment with aszithromycin at a 100.0 mg/kg dose
for 7 days cured infections in 2 of 2 Agtus.




B, WR 149344AC (BM 17594), tetrandrine
WR 1544BM (AR 20613), chloroquine

In a previous study to reverse chloroguine
resistance in vivo, co-administration of tetrandrine
(15.0 mg/kg/7 daye) and chloroguine (Z0.0 mg/kg/7 davs)
cleared Vietmnam Smith/RE paraszitemias in 3 of 3 Apotus, but
did naot cure infectigns, Retreatment with tetrardrine
(30.0 mg/kg/7 days) and chlorogquine (Z0.0 mg/kg/7 days)
cleared patrassitemia in each of two monkeys; the infection in
one monkey recrudesced, and the infection in the other
animal ‘'was cured., The desideratum for in vivo reversal of
chloroquine resistance Is infection cure following primary
treatment since cure after retreatment is a combinatiorn of
drug activity plus scquired immunity.

Results of additiomal trials to reverse chloroguine
resistance in vivo are detaliled im Table 4, and summarized
in Tables 5 and &. Primary treatment with tetrandrine
(30.0 and &60.0 mg/kg/7 days) plus chloroquine
(20.0 mg/kg » 7 days) cleared parasitemis with recrudescence
in two Agtus. Retreatment with twice respective dose of
tetrandrine administered during the primary treatment plus
the daily maximum tolerated dose of chloroquine (20.0 mg/kg)
cleared parasitemia, but without cure.

Considering the possibility thet a 7 day course of
treatment was not sufficient to cure infections,., the two
monkeyes were administered tetrandrine (25.0 mg/kg) plus
chloroquine (20.0 mg/kg) for 14 days. This was the third
drug regimen each monkey had received. Blood films in aone
Aotus (1Z7Q%rr) were parasite negative at the time treatment
was initiated. No recrudescence was observed during the
post treatment observation period.

C. WR 99210 AD (AW 23628)
WR 139004AC (BK 64208), folinic acid

The objective of this experiment was to determine
if the toxicity of WR 99210 could be obviated by the co-
administration of folinic acid amd still retain its
antimalarial activity against infections of the multi-drug
resistant Smith/RE strain of P. falciparum., Parasite

response is detailed im Table 7 and summarized in Tadles O
and 9.

WR 99210 administered alone, cleared parasitemias
(without cure), at doses of 10.0 and 20.0 mg/kg x 7 days.
Primary treatment with WR 99210 (10.0 mg/kg/7 davs) plus
folinic acid (0.33 mg/kg/7 days) cleared parasitemia in 7 of
2 Aotus but with recrudecence. The same regimen of WR 99210
but with 1.0 mg/kg/7 days of folinic acid cleared
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parasitemia in each of two monke s, curing the infection in

ane subject. As shown in the tables, re-treatments cured
infections in 2 of 3 Aotus.

D. WR 250417AG (BN 34278)
WR 1&7626AC (BK 0?350)

While these drugs, both pyrimethamine analogues
have shown some achtivity against a8 pyrimethamine-resistant
strain (Smith/RE) of B, falciparum in Aotus, there was some
indication that resistance was induced by repeated re-
treatments, This present experiment was desigred to
determine specifically if resistance could be generated
rapidly. For each drug, two infected animals each were
administered a subcurative (or suppressive) dose and two
infected monkeys administered a putative curative dose,
Following administrstion of the lowest dose, if pakFasite
suppression, or cleareance with recrudescence occurred,
parasites were subincculated into s malaria naive Actus and
both donor and recipient treated with the next highest dose.
If treatment fallure occurvred, then a second subinoculation
was done, with donor and recipient being administered the
putative curative dose., Drugs were given intramusculsrly to
diminmish drug utilization and obviate any absorption
problems.

Detailed parasite responses to WR 250417 are shown in
Table 1¢, and summarized in Table 11. GSubinoculatiorn lines
and treatments with increased doses are depicted in
Figure 1. A 0.25 mg/kg{x3) dose suppresswed parasitemis in
Aotuys 12719, parasites were subincculated to 12718, and both
doror and recipient monkeys treated with a 0,75 mg/kg(=3)
dose, Parasites were cleared in 12719r, and blood films
have remained negative for 37 days. The parasitemia in
12718 was suppressed by a dose of 0.75 mg/kg({x3), but
cleared by retreatment with a 2.5 mg/kg{x3) dose, with blood
films negative for 34 davys, to date.

A second parasite line, possibly resistant to WR
250417, was initiated following a 0.2% mg/kg(x3) dose
administered to Aotus 1Z720. Parasites, subinoculated to
12717, were cleared (with recrudescence) by a dose of
0.75 mg/kg({x3), as were those in the donor 12717.
Retreatment of recrudescent parasites in 12717r with a
2.2 mg/kg(x3) dose cleared parasites, arnd blood films have
been negative for 29 days. Recrudescent parasites,
subsequent to treatment with a dose at 0.75 mg/kg{x3)
1272Qr, were subinoculated to 12701; both donor and
recipient administered a dose of 2.9 mg/kgi{x3). Parasitemia
was suppressed in the recipient (12701)., and retreated with
10,0 mg/hkg({x3) dose, resulting in clearance with
recrudescence. Following administration of & 2.9 mg/kg(x3)
dose to the domor (12720rr), parasites were cleared (with

in
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recrudescencel, and retreated with a 10.0 mg/kg/{(x3) dose,

resulting in parasite clearance, blood films negative for 26
days.

As shown in Figure 2, WR 149626 administered at a dose
of 0.2% mg/hkg{x3) to Aotus 12684, cleared parasitemia, and
recrudescent parasites subinoculated teo 12681, Parasites in
both donor and recipient were then treated with
Q.75 mg/kg(x3), clearing parasites in the doneor (12684) for
45 days, to date. In contrast, a recrudescence occurred in
the subinoculee (12681), following administration of
WR 169626 at a dose of ©.75 mg/kg(x3). Parasites were then
subinoculated to 12674, and both donor and recipient
administered a dose aof 9.0 mg/kg({x3). This dose cleared
parasites in the recipient (12674), blood films remaining
negative for 33 dayes, to date. Parssites were cleared (with

recrudescence) in the donor (128lr), and retreated with
10.0 mg/kg(x3). )

A dose of O.25 mg/kg(x3) cleared parasitemia in 12&8é,
recrudescent parasites subinoculated to 12725, and both
donor and recipient momkeys treated with a dose of
0.75 mg/kg{x3). Thie dose cleared parasites (for at least
45 days) in the donor (126B&r), while the recrudescence in |
1272% was treated with 5.0 mg/hg(x3), blood films remaining !
negative for at least 22 days.

E. Plasmodiump vivax
1. Adaptation to Panamanian Aotus.

A cryopreserved sample of two strains of P, vivax
were received from LTC G. Dennis Shanks, Army Malaria
Research Unit, Ingleburn, Australias: New Guinea AMRU-1
(chloroguine resistanmt, from the 10th Aotus passage) and Mew
Guinea AMRU-Z (chloroguine sensitive, 1st Aotus passage ).
These parasite strains were to be adapted to Panamanian
Aotus, infection parameters characterized, confirm their
response to chlorogquine, and then expand the evaluation of
WR 238605, a primaguine analogue against infections.

Each cvopreserved sample was thawed rapidly under cold,
rurning tap water and inoculated intraperitoneally into a
splenectomized monkey. All monkeys used for P. vivax
studies are cured of P. falciparum infecticn; a patent
infection of the AMRU-1 (EQR) strain began on day 1% post
inoculation, while parasites of the AMRU-Z (CAS5) strain were !
first detected om day 13 post inoculation. PFarasites of }
each strain were then subinocualted into a second :
splenectomized Agtus.

Infection parameters during adaptation of the AMRU-2
(CA8) strain are summarized in Table 14. Although these
parasites developed in splenectomized mornkeys, it was not
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possible to adapt them to unaltered hosts. AN inoculum of

65 % 10% parasites was completely ineffective in producing a
patent infection.

In contrast, the AMRU-1 (COR) strain adapted readily to
normal monkeys subsequent to the second passage in &
splenectomized animal (Table 1%)., A standard inoculum of
5%x10* parasites produced reproducibkle intections. At the
13th serial passage, and experiment was initiated to confirm
chloroquine resistance of the AMRU-1 strain of P. vivax.

2. WR 13544BM (AR 20613), chloroquine.

Detaliled response of the AMRU-L strain to
chloroquine are given in Tables 16 and 17, While summarized
in Tables 18, 17 and 20. Total chlorogquine doses of 17.5,
35.0, and 30.0 mg/kg, whether administered over 7 days or 3
days, produced either no response or suppressed parssitemia.
These results conférm to chlorogquine resistance.

III. Discussion

Rzithromycin (30.0 mg/kg % 7 days) was less effective
than doxycycline at the sAame regimen against the multidrug
Vietnam 8Smith/RE strain of P. falciparum, Azithromycin
(100.0 mg/kg » 7 days), however, did cure infections in 2 ot
2 Agtus. Despite the fact that parasite clearance was
relatively slow (14 and 10 deve, respectively), these dats
suggest that azithromycin may replace drugs of the

tetracycline class as effective blood schizonticides of drug
resistant falciparum infections.

As in the initial trial with tetrandrine (WR 1495%%7) to
reverse chloroquine resistance in vivo when co-administered
with chlaroquine, the superiment herein reported vielded
similar results, in that parasites were cleared onlv. Said
clearance oncurred subsequent to primary and one retreatment
for seven days. Although fullowing a 14 day treatment no
recrudescence was ocbserved, it must bz recognized that this
regimen was initiated on the 109th day after inoculation,
and that blood films were negative in one monkey at that
time. Therefore, it canmot be stated with any assurance
that a 14 day regimen of tetrandrine plus chloroquine, if
administrated as & primary treatment, would cure infections
of the chloraoguine~resistant Vietnam Smith/RE strain.

Studies some 20 vears ago showed that WR 99210, a
dihydrofuolate reductase inhibitor, was active agsinst both
pyrimethamineg-sensitive and pyrimethamine-resistant strain
of P. falcipsrum. Toxicity trials in humans produced
significant gastro-intestinal symptoms such that phase 1
evaluation was terminated. O0One approach to decrease these
drug-induced side effecte was the co-administration of
folinic acid without compromising amtimalarial activity.
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There were no animal data for this drug combination.
Results of the single experiment contained in this report
show that faolinic acid plus WR 99210 does not decrease
efficacy against infections of the pyrimethamine-resistant
Smith/RE =strain., Based upon these data, further human
toxicity trials with the drug combimation may be warvanted.

Al though the experiment to determine if resistamce to
WR 250417 and WR 1694626 can be generated imn Vietnam Smith/RE
infection in Agtus is still in progress, results to date
would indicate that such resistance has been induced to
WR 169626, This conclusion is based on the fact that s
5.0 mg/kg (x 3 day) douse appears to be curative. The
infection in one monkey, in a subinoculation line,
recrudesced subsequent to be treated with the putative
curative dose. For WR 250417, the primary treatment dose of
2.9 mg/kg (%3 days) has proven not to be curative. Yet the
parasitemia in Agtus 12701 (a subinoculee) was suppressed
only by those drug dose, and cleared, with recrudescence, by
10,0 mg/kg (»3 days). Moreover, repetitive treatment plus
acquired should have produced more potential infection cures
than are indicated in the data.

The chloroguine~-resistant New Guinea AMRU-1 strain of
P. vivax was adapted to normal (spleen intact) Aptus after
the second passage in splenectomized monkeys., Consecutive
blood passage in 13 Aotus vielded reproducible infection
parameters, such that it was feasible to confirm the
strainsg’ raesistance to chloroquine, The drug regimens used
have cur=zd chloroguine-sensitive B. vivawx infections.

Despite 7 serisel passages of the chloroquine—-sensitive
AMRU-2 strain of P. vivax in splenectomized Aotus, the 1
parasites remained non~infective for normal monkeys. No
explanation for this lack of infectivity is forthcoming, as
P. vivax has proven to be readily adaptable to Panamanian

Aotus., Parasites were cryopreserved for future adaptation
trials.
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